Poyang Lake is an important wetland with international significance in biodiversity conservation and local carbon cycle. A study was conducted to investigate the effects of vegetation communities on seasonal and spatial variations of soil organic carbon (SOC) and dissolved organic carbon (DOC) in two dominant wetlands (dish-shaped pit wetland and delta wetland) of Poyang Lake, China. Results revealed significant variations of SOC and DOC along the vegetation gradient. Maximum accumulation of SOC and DOC was produced in Phragmites community, and the minimum ones in Phalaris community both in spring and in autumn. In comparison with delta wetland, dish-shaped pit wetland obtained higher SOC within the same vegetation type, which indicated that soils of dishshaped pit wetland had greater capacity to store carbon. Compared with SOC, DOC represented stronger seasonal variations with great increase in autumn, which suggested that DOC was more sensitive to hydrology processing. Furthermore, significant variations of SOC and DOC were closely related to vegetation biomass both in spring and in autumn. Moreover, elevation and gradient also affected the distributing pattern of organic carbon suggesting significant influence of topography characteristics on the carbon pool.
INTRODUCTION
Wetlands are usually characterized by large biomass, low temperature, high humidity, and weak microbial activity (Tockner & Stanford ) . Covering a small proportion of the Earth's land surface, wetlands contain a large proportion of the world's carbon (approximately between 18% and 30%, depending on definition) stored in terrestrial soil reservoirs and represent 15% of the terrestrial organic matter loss to the oceans (Stern et al. ) . Hence, wetlands represent one of the largest biological carbon pools and play a decisive role in the global carbon cycle (Mitsch & Gosselink ) .
Research in this area is needed to quantify more accurately the extent of wetlands' soil carbon pool worldwide, the microbial activities (Anderson et 
; Juutinen et al. ).
On the other hand, vegetation is an important biological factor in the ecological succession of wetlands, and the main factor affecting the carbon storage and carbon fixation in wetland ecosystems (Joabsson & Christensen ; Mei & Zhang ) . Furthermore, vegetation is more important sometimes than microclimate, soil, slope, and elevation in controlling the variation of SOC and DOC in some wetland systems (Malmer et al. ; Li et al. ) . Plant litter is one of the most abundant carbon sinks in wetlands (Lloyd ; Wang et al. ) . Most labile organic compounds in wetland soil, such as sugars, amino acids, and volatile fatty acids are leached out either from the senescent or dead plant biomass by abiotic and biotic effects (Li et al. ; Xu et al. ) .
Changes in the dominant species within the plant community may alter ecosystem structure and material cycling processes, which, in turn, change soil carbon pools through changes in the quantity and quality of organic material input into wetland soils (Mei & Zhang ; Gan et al. ) . Furthermore, diversity of micro-topography in natural wetland systems also plays a key role in affecting spatial distribution of soil organic matter (Steenwertha et al. ) . The relationship between wetland productivity (vegetation, soils, water) and soil organic matters is complex (Moore et al. ) . The intricate dynamics of SOC and DOC as well as the related factors in wetland systems are not yet well understood.
Poyang Lake is the largest freshwater lake in China and its wetland ecosystems are globally significant in terms of biodiversity and carbon cycling (Zhu ; Dong et al. ) . In recent years, the water level of Poyang Lake has exhibited unusual fluctuation, including frequent drought events in the lake, which in return affects natively the lake ecosystem (Zhang 
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Study area
Poyang Lake is situated in the northern part of Jiangxi Province with a humid subtropical climate as it is strongly influenced by the East Asian monsoon. Characterized by diverse topography and complex hydrologic regime, the lake is a compound multi-type wetlands system consisting of lakes, deltas, rivers, flood plains, marsh, and so on (Zhu ; Dai et al. ) . Furthermore, Poyang Lake has exhibited great seasonal fluctuation in water level with more than 10 m difference between the lowest and the highest mean monthly water level, which exposes vast grass-covered marshland during the dry season from November to April of the coming year (Wang ) . Poyang Lake delivers various ecosystem services, such as water resource supply, floodwater storage, biodiversity maintenance, and pollution retention. The lake is particularly important to the conservation of the endangered Siberian crane, more than 95% of whose world population congregates here during the winter (Wu & Jin ) .
Due to the interaction of landform and river systems, the landscape pattern of Poyang Lake is dominated by dishshaped pit wetland and delta wetland, which support the ecological function of the lake such as biodiversity maintenance and biogeochemical cycles. In this study, Bang Lake (BL) and Ganjiang main-branch delta (GD) wetlands, located in the northern part of Poyang Lake, were selected as study areas as typical cases of dish-shaped pit wetland and delta wetland, respectively (Figure 1) The soil type of the two wetlands is meadow soil and texture is sandy loam soil (Wang ).
Sampling site and surveying
There are two growing seasons for the dominant plants in a single year, before and after flooding, respectively, in Poyang Lake (Wang et al. a, b) . Accordingly, the contents of soil carbon of three accordant zonal vegetation communities, viz., Phalaris community, Carex community, and Phragmites, in BL and GD were studied in April and Table 1 . 
Sample and data analysis
Soil samples were homogenized in a grinder after removal of any visible live plant material, after which they were passed through a 2-mm sieve to remove rock fragments and large organic debris. Soil moisture was determined by first drying fresh subsamples from each soil sample at 105 W C for 24 h, and then calculating the difference in weights between fresh sample and oven-dried sample. Soil type was determined according to the ratio of sand and clay particles using a hydrometer method ( Tan Total nitrogen was measured using a Carlo Erba CNS analyzer (Milan, Italy). Total phosphorus (TP) was determined by the TP ashing method and analyzed by the ascorbic acid colorimetric procedure (Technicon Autoanalyzer II, Terrytown, NY, USA). Available nitrogen was determined using a 10-day anaerobic incubation, followed by extraction with 0.5 M K 2 SO 4 (Lu ). Extracts were analyzed for NH þ 4 -N using an automated colorimetric analysis (EPA365.1 Technicon Autoanalyzer). Available phosphorus was also determined using a 10-day anaerobic incubation and analyzed by the ascorbic acid colorimetric procedure (Lu ).
After data entry, importance value (IVc) of species for each plot was calculated by Equation (1) to value the dominance of species:
among which IVc, RDc, RCc, and RFc refer to the importance value index, relative density, relative coverage, and relative frequency of the constructive species, respectively.
The Shannon-Wiener index was calculated to estimate the species diversity of communities:
where H j is Shannon-Wiener index, representing species diversity of the jth plot; pi refers to the rate of the ith species amount to the sum amount of entire community in the jth plot; S is the number of plant species in the community.
The Margalef index was calculated to estimate the species richness of each vegetation community:
where R refers to the species richness value, S is the number of plant species in the community, and P is the total number of plants within each quadrate (Tan ) .
Average data, range, and standard deviation (SD) of physicochemical characteristics of surface soil and characteristics of vegetation communities were determined based on pooled samples (three reduplicate samples at each plant community).
Non-normality of the data was treated by taking a logarithm or square root, whenever appropriate after normality assessment by Kolmogorov-Smirnov test (Tan ) . Differences between means were tested by Turkey's means comparison test for post hoc multiple comparisons. Principal component analysis (PCA) was employed to sort the variables of soil microbial biomass, soil physicochemical conditions, and vegetation community characteristics based on seasonal datasets. Factor loading was defined to explore the nature of variation and principal patterns among them using varimax for factor rotation.
Any factor with an eigenvalue greater than unity (eigenvalue>1) was selected as significant. All statistic analyses, including Oneway analysis of variance (ANOVA) and two-tailed test, were conducted using SPSS 13.0 statistical software package, and significance was determined at the 95% confidence level.
RESULTS
Daily fluctuation of water level of BL and GD Furthermore, the water level of BL rapidly rises with that of Poyang Lake as the wet season progresses; however, it slowly decreases during the dry season due to its semi-enclosed micro-topography (Wang ; Zhang & Werner ).
SOC and DOC contents
Results of SOC analysis are summarized in Table 2 
Typical vegetation community's characteristics
Coverage values of studied vegetation communities in spring, varying from 80% to 100%, were higher than those in autumn (65%-95%) (Table 3) 
Less variation of constructive species importance value between spring and autumn was found in Phragmites-B and
Phragmites-G (Table 3) . Constructive species were absolutely predominant in the Carex community. Furthermore, Phragmites-B 85ab* ± 10 85ab ± 5 115.2b ± 35.1 188.3a ± 48.3 56.5d ± 9.6 66.8b ± 13.5
Phalaris-B and
Carex-B 100a ± 5 95a ± 5 65.6d ± 15.6 68.7b ± 13.2 93.3a ± 3.5 90.2a ± 2.9
Phalaris-B 85ab ± 10 65c ± 10 78.8c ± 7.8 35.2c ± 11.5 90.7a ± 4.1 57.9bc ± 6.0
Phragmites-G 95a ± 5 85ab ± 5 202.5a ± 44.5 225.1a ± 35.2 75.8c ± 11.3 64.1b ± 11.5
Carex-G 95ab ± 5 90a ± 5 51.7d ± 3.5 46.5b ± 2.3 91.5a ± 6.5 88.3a ± 7.2
Phalaris-G 80b ± 10 70c ± 10 79.6c ± 4.6 32.2c ± 2.71 83.2b ± 7.3 52.7c ± 9.5 * Different letters in the columns indicate significant differences for P 0.05. 
Relationships between the SOC and related environmental variables
The significant factors (i.e., eigenvalue >1) loading matrix of PCA are listed in Table 4 and the plot of loadings is presented in Figure 8 . Two significant factors were extracted by PCA based on the dataset of BL in spring explaining 76% of the total variance. The first factor accounted for 57% of the total variation and was positively related to SOC (DOC), vegetation biomass, community biodiversity and elevation, and negatively related to gradient. Factor 2 explained 19% of the total variance and was related to coverage, constructive species height, and importance value.
Similar to that of BL in spring, two significant factors were extracted by PCA based on the dataset of GD in spring.
The first factor accounted for 57% of the total variance with eigenvalues of 5.7, positively related to SOCs, vegetation biomass, community biodiversity and elevation, and negatively related to gradient. Factor 2 related to coverage, constructive species height, and importance value, and explained 20% of the total variance with eigenvalues of 1.9.
As for datasets of BL in autumn, three significant factors accounted for 77% of the total variances. The first factor accounted for 38% of the variance which positively related to SOC, DOC, vegetation biomass, constructive species height and elevation, and negatively related to gradient.
Accounting for 28% of the variance, factor 2 was positively related to the Margalef index and Shannon-Wiener index and negatively related to constructive species importance value. Only coverage accounted for the greatest loading for factor 3 that explained 11% of the total variance. Similarly, three significant factors were extracted by PCA based on the dataset of GD in autumn explaining 76% of the total variance. Factor 1 accounted for 35% of the total variance and was positively related to SOC, vegetation biomass, and elevation, and negatively related to gradient.
Factor 2 captured variables of DOC, constructive species importance value, Margalef index, and Shannon-Wiener index, and explained 29% of the total variance. Factor 3 was significantly and positively related only to coverage, accounting for 12% of total variance.
DISCUSSION
Generally, variation of SOC in wetland systems is controlled by the long-term balance between carbon input (e.g., organic matter production and carbon inflows) and output (e.g., 
